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A Common But Ignored Condition
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Pui-Wai Lee, MRCP, Leo C. C. Kum, MRCP, Yat-Yin Lam, MRCP,
Jeffrey Wing-Hong Fung, FHKAM
Hong Kong, People’s Republic of China
Objectives The present study aimed to examine whether diastolic and systolic asynchrony exist in diastolic heart failure
(DHF) and their prevalence and relationship to systolic heart failure (SHF) patients.
Background Few data exist on mechanical asynchrony in DHF.
Methods Tissue Doppler echocardiography was performed in 373 heart failure patients (281 with SHF and 92 with DHF)
and 100 normal subjects. Diastolic and systolic asynchrony was determined by measuring the standard devia-
tion of time to peak myocardial systolic (Ts-SD) and peak early diastolic (Te-SD) velocity using a 6-basal, 6-mid-
segmental model, respectively.
Results Both heart failure groups had prolonged Te-SD (DHF vs. SHF vs. controls subjects: 32.2  18.0 ms vs. 38.0 
25.2 ms vs. 19.5  7.1 ms) and Ts-SD (31.8  17.0 ms vs. 36.7  15.2 ms vs. 17.6  7.9 ms) compared with
the control group (all p  0.001 vs. control subjects). Based on normal values, the DHF group had comparable
diastolic (35.9% vs. 43.1%; chi-square  1.48, p  NS), but less systolic asynchrony than the SHF group (39.1%
vs. 56.9%; chi-square  8.82, p  0.003). Normal synchrony, isolated systolic, isolated diastolic, and combined
asynchrony were observed in 39.1%, 25.0%, 21.7%, and 14.1% of DHF patients, respectively, and these were
25.6%, 31.3%, 17.4%, and 25.6%, correspondingly, in SHF (chi-square  10.01, p  0.019). The correlation be-
tween systolic and diastolic asynchrony, and between the myocardial velocities and corresponding mechanical
asynchrony appeared weak. A wide QRS duration (120 ms) was rare in DHF (10.9% vs. 37.7% in SHF) (chi-
square  16.69, p  0.001).
Conclusions Diastolic and/or systolic asynchrony was common in 61% of DHF patients despite narrow QRS complex. The
presence of asynchrony was not related to myocardial systolic or diastolic function. Systolic and diastolic
asynchrony were not tightly coupled, implying distinct mechanisms. (J Am Coll Cardiol 2007;49:97–105)
© 2007 by the American College of Cardiology Foundation
ublished by Elsevier Inc. doi:10.1016/j.jacc.2006.10.022r
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mystolic asynchrony is a relatively common finding in
atients with systolic heart failure (SHF) (1–4). It is
elieved to indicate a more severe form of heart failure
nd is prognostically independent of QRS duration (5,6).
lthough systolic asynchrony often exists in patients with
HF who commonly had wide QRS complexes, recent
tudies observed that it also exists in about 30% to 40% of
atients with a normal QRS duration (1–4). With the
ntroduction of cardiac resynchronization therapy that
rom the Li Ka Shing Institute of Health Sciences, Division of Cardiology, S.H. Ho
ardiovascular and Stroke Centre, Department of Medicine and Therapeutics, Prince
f Wales Hospital, The Chinese University of Hong Kong, Hong Kong, People’s
epublic of China. This study was supported by a research grant from Li Ka Shing
nstitute of Health Sciences.(
Manuscript received May 30, 2006; revised manuscript received August 1, 2006,
ccepted August 21, 2006.educes systolic asynchrony in SHF patients with wide
RS complexes (7,8) and results showing favorable
mprovement of symptoms and clinical outcome (9–11),
uantitative analysis of mechanical asynchrony appears
See page 106
rucial for comprehensive assessment of heart failure
atients. Diastolic heart failure (DHF) is common
mong the heart failure population (12,13). Echocardi-
graphy with Doppler studies is a non-invasive tool
ommonly used to distinguish between DHF and SHF
14,15). Despite it being a common disease, there has
een limited published data on evidence-based manage-
ent of DHF, which is purely based on medial therapy
16,17). Furthermore, whether diastolic and/or systolic
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Mechanical Asynchrony in DHF January 2/9, 2007:97–105asynchrony occurs in DHF has
not been explored. Previous
studies have reported that tissue
Doppler imaging (TDI) is a
robust tool for the assessment
of regional timing of contrac-
tion and relaxation from which
indexes of diastolic and systolic
asynchrony are derived (1,17,
18). Therefore, the aims of the
study were to examine whether
diastolic and/or systolic me-
chanical asynchrony occurred in
patients with DHF, to estimate
their prevalence, and to com-
pare these to patients with SHF
as well as the normal control
population, in addition to their
relationship in both heart fail-
ure groups.
Methods
Patients. Echocardiography was
erformed in 473 subjects in a university teaching hospital.
hey included 281 consecutive enrolled patients with SHF
nd 92 patients with DHF, who met the Framingham
Abbreviations
and Acronyms
DHF  diastolic heart failure
LV  left ventricle/
ventricular
SHF  systolic heart failure
TDI  tissue Doppler
imaging
Te  time to peak
myocardial early diastolic
velocity
Te-diff  maximal
difference in Te
Te-SD  standard deviation
of Te
Ts  time to peak
myocardial systolic velocity
during the ejection phase
Ts-diff  the maximal
difference in Ts
Ts-SD  standard deviation
of Ts
Comparison of Baseline Clinical CharacteristicsBetween Patients With DHF and SHF
Table 1 Comparison of Baseline Clinical CharBetween Patients With DHF and SHF
DHF
(n  92)
Age (yrs) 67.5 11.0
Gender (male:female), % 66:34
Underlying disease (%)
Ischemic heart disease 38
Hypertensive heart disease 63
Dilated cardiomyopathy /
Diabetes mellitus 37
NYHA functional class (%)
I 20
II 62
III 18
IV /
QRS duration (ms) 97 21
QRS (120 ms:120 ms), % 89:11
Heart rate (beats/min) 67.3 8.9
Ejection fraction (%) 61.1 8.4
Medications (%)
Loop diuretics 50
ACEI or ARB 53
Beta-blockers 41
Nitrates 52
Calcium antagonists 29
Antiplatelet agents 39
Digoxin 2
Statins 42ACEI  angiotensin-converting enzyme inhibitor; ARB  angiotensin receptor
New York Heart Association; SHF  systolic heart failure.riteria for congestive heart failure, as well as 100 healthy
olunteers recruited from the community (control group).
he heart failure patients had been admitted to the hospital
or clinical signs and symptoms of heart failure, with chest
oentgenographic evidence of fluid overload. They were
tabilized by anti-heart failure medications and underwent
lective echocardiography at least 6 weeks after discharge.
atients with atrial fibrillation, restrictive cardiomyopathy,
ortic or mitral stenosis, prosthetic valves, severe mitral
nnular calcification, or presented as acute coronary syn-
rome were excluded. The SHF group had a left ventricular
LV) ejection fraction 50% by echocardiography (by
iplane Simpson’s equation) while the DHF group had
reserved systolic function (defined as LV ejection fraction
50%) and evidence of diastolic dysfunction by Doppler
chocardiography, which ranged from abnormal relaxation,
seudonormal, or restrictive filling patterns as previously
escribed (Table 1) (14,15). The control group had no
istory of cardiovascular or systemic diseases, and had a
ormal physical examination, electrocardiographic, and
chocardiographic findings. Written informed consent was
btained from all subjects.
chocardiography. Standard echocardiography with
oppler studies were performed (Vivid 5 and Vivid 7,
ingmed-General Electric, Horten, Norway). The LV
olumes and ejection fraction were assessed by biplane
Echocardiographic Parameters
istics and Echocardiographic Parameters
SHF
(n  281) p Value
65.6 13.1 NS
72:28 chi-square  0.83, p  NS
chi-square  54.9, p 0.001
59
44
34
35
chi-square  31.7, p 0.001
4
41
43
12
125 34 0.001
62:38 chi-square  16.69, p 0.001
70.5 15.6 NS
32.3 9.8 0.001
89 chi-square  25.2, p 0.001
96 chi-square  38.7, p 0.001
77 chi-square  29.9, p 0.001
65 chi-square  3.25, p  NS
9 chi-square  12.1, p 0.001
61 chi-square  13.8, p 0.001
16 chi-square  9.58, p  0.002
56 chi-square  3.47, p  NSand
acterblockers; DHF  diastolic heart failure; NS  not significant; NYHA 
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January 2/9, 2007:97–105 Mechanical Asynchrony in DHFimpson’s equation using the apical 4- and 2-chamber
iews. The presence of LV diastolic dysfunction was con-
rmed by Doppler echocardiography by interrogation of
ransmitral flow pattern, pulmonary venous inflow pattern,
nd TDI assessment of peak myocardial early diastolic
elocity (19). At least 3 consecutive beats in sinus rhythm
ere measured and the average values taken.
Tissue Doppler imaging was performed at apical views
apical 4-chamber, 2-chamber, and long-axis) for the long-
xis/major-axis motion of the LV as previously described
1,20). Two-dimensional echocardiography with TDI-color
maging views (apical 4-chamber, 2-chamber, and long-axis
iews) were optimized for pulse repetition frequency, color
aturation, sector size, and depth, that maximized a highest
ossible frame rate of100 Hz. At least 3 consecutive beats
ere stored, and the images were analyzed off-line with the
id of a customized software package (EchoPac PC SW-
nly, version 5.1.1, Vingmed-General Electric). Myocardial
elocity curves were reconstituted off-line using the 6 basal
nd 6 mid-segmental model, which consisted of septal,
ateral, anteroseptal, posterior, anterior, and inferior seg-
ents at both basal and mid-levels in the LV (1,18). The
asal segments were sampled just above the mitral annulus
evel, and the middle segments were sampled at the mid-
evel of the LV. The time to peak myocardial systolic
elocity during the ejection phase (Ts) and the time to peak
yocardial early diastolic velocity (Te) were measured with
eferenced to QRS complex (1,21). The timings of begin-
ing and end of ejection (aortic valve opening and closure)
nd those of diastole (mitral valve opening and closure) were
erived from continuous-wave Doppler of aortic forward
ow and pulse-wave Doppler of mitral inflow. Markers with
alve opening and closing events would appear on the
lectrocardiogram (ECG) recordings during off-line TDI
nalysis to ensure only the peak myocardial systolic (Sm)
nd peak myocardial early diastolic (Em) velocities with
heir corresponding Ts and Te were measured accurately
uring ejection and early diastolic phases. For the assess-
ent of synchronicity, the standard deviation of Ts (Ts-
D) and Te (Te-SD) of all the 12 LV segments as well as
omparison of Indexes of Diastolic and Systolic Asynchrony as Weelocities Among Patients With DHF, SHF, and Normal Controls
Table 2 Comparison of Indexes of Diastolic and Systolic AsyncVelocities Among Patients With DHF, SHF, and Norma
Normal Control
(n  100)
DHF
(n  92) (n
Te-SD (ms) 19.5 7.1 32.2 18.0 38
Te-diff (ms) 63 25 102 59 1
Ts-SD (ms) 17.6 7.9 31.8 17.0 36
Ts-diff (ms) 54 23 93 46 1
Ejection fraction (%) 71.6 7.6 61.1 8.4 32
Mean Sm (cm/s) 6.5 1.0 5.1 1.2 3
Mean Em (cm/s) 7.4 1.6 4.8 1.8 3
p values are Scheffe-corrected.
Mean Emmean myocardial early diastolic velocity of 6 basal left ventricular segments; Mean S
n time to peak myocardial early diastolic velocity among all the 12 left ventricular segments; Te-S
egments; Ts-diffmaximal difference in time to peak myocardial sustained systolic velocity among all th
elocity of all the 12 left ventricular segments; other abbreviations as in Table 1.he maximal difference in Ts (Ts-diff) and Te (Te-diff)
etween any 2 of the 12 LV segments was calculated (1,18).
o assess global cardiac function, the mean myocardial
ystolic (mean Sm) and early diastolic (mean Em) velocities
rom the 6 basal segments were calculated (1). The inter-
bserver and intraobserver variabilities for measuring asyn-
hrony have been compared in 60 consecutive measure-
ents and were 4.7% and 3.2%, respectively.
tatistics. Data were analyzed using a statistical software
rogram (SPSS for Windows, version 11.5.1, SPSS Inc.,
hicago, Illinois). For comparison of mechanical asyn-
hrony and other parametric echocardiographic data among
arious groups, independent t tests and 1-way analysis of
ariance with Scheffe correction for significance were em-
loyed where appropriate. Linear regression was employed
o investigate the correlation between 2 parametric variables.
omparison of non-parametric data was performed by
earson chi-square test. The results were expressed as mean
SD. A p value of 0.05 was considered as statistically
ignificant.
esults
he age (67.5  11.0 years vs. 65.6  13.1 years vs. 64.2
9.4 years, p  NS) and gender (male: 66% vs. 72% vs.
1%, chi-square  1.35, p  NS) distributions were
imilar between DHF, SHF, and control groups. The
linical characteristics for patients with DHF and SHF
re shown in Table 1. In SHF, there was a higher
revalence of coronary heart disease, and dilated cardio-
yopathy occurred exclusively in this group. On the
ther hand, hypertension was more prevalent in the DHF
roup. Patients with SHF had higher New York Heart
ssociation functional class than those with DHF. As
xpected, a difference in medical therapy was observed
etween the 2 groups.
iastolic asynchrony in DHF and SHF. Diastolic asyn-
hrony was evident in both heart failure groups (Table 2,
ig. 1A). The Te-SD was significantly prolonged in both
HF and SHF when compared with the control group
Myocardial Systolic and Diastolic
as Well as Myocardial Systolic and Diastolic
trols
1)
p Value*
Control vs. DHF Control vs. SHF DHF vs. SHF
5.2 0.001 0.001 0.04
1 0.001 0.001 0.07
5.2 0.001 0.001 0.01
2 0.001 0.001 0.004
.8 0.001 0.001 0.001
.2 0.001 0.001 0.001
.5 0.001 0.001 0.001
ean myocardial systolic velocity of 6 basal left ventricular segments; Te-diffmaximal difference
ndard deviation of the time to peak myocardial early diastolic velocity of all the 12 left ventricularll as
hrony
l Con
SHF
 28
.0 2
17 7
.7 1
08 4
.3 9
.3 1
.7 1
mm
D stae 12 left ventricular segments; Ts-SD standard deviation of the time to peak myocardial systolic
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Mechanical Asynchrony in DHF January 2/9, 2007:97–10532.2 18.0 ms vs. 38.0 25.2 ms vs. 19.5 7.1 ms, both
cheffe-corrected p  0.001 vs. control group), and was
ore severe in the SHF group (p  0.04). Similarly, the
e-diff was prolonged in both DHF and SHF (102  59
s vs. 117  71 ms vs. 63  25 ms, both Scheffe-corrected
 0.001 vs. control group), but was not different between
he 2 heart failure groups (p  0.07). Using normal cutoff
A
B
Figure 1 Mechanical Asynchrony in DHF Observed by Tissue Do
(A) An example of a patient with diastolic heart failure (DHF) (ejection fraction 62%
peak early diastolic velocity (arrowheads). The systolic asynchrony is relatively mil
systolic asynchrony as illustrated by the scattered time to peak systolic velocity (aalues of 34 ms for Te-SD and 113 ms for Te-diff, Terived from the upper 2 SDs of the mean of the control
roup, 35.9% (33 of 92) of patients with DHF and 43.1%
121 of 281) with SHF showed prolonged Te-SD (chi-
quare  1.48, p  NS) (Fig. 2A). Similarly, 34.8% (32 of
2) DHF patients and 39.5% (111 of 281) SHF patients
ad significantly prolonged Te-diff and thus evidence of
iastolic asynchrony (chi-square 0.65, pNS) (Fig. 2B).
r Imaging
had evidence of diastolic asynchrony as illustrated by the scattered time to
ws). (B) Another patient with DHF (ejection fraction 55%) who had evidence of
. This patient had no evidence of diastolic asynchrony (arrowheads).pple
) who
d (arro
rrows)here was a close correlation between diastolic asynchrony
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January 2/9, 2007:97–105 Mechanical Asynchrony in DHFeasured by Te-SD and Te-diff (r  0.955, p  0.001)
Fig. 3A).
ystolic asynchrony in DHF and SHF. In contrast with
he above observation that diastolic asynchrony was equally
revalent in DHF and SHF, systolic asynchrony appeared
ore common in SHF, albeit prevalent in both groups
Table 2, Fig. 1B). The Ts-SD was significantly prolonged
n both the SHF and DHF groups when compared with the
ontrol group (31.8  17.0 ms vs. 36.7  15.2 ms vs. 17.6
7.9 ms, both Scheffe-corrected p  0.001 vs. control
roup), but was more severely prolonged in the SHF than
he DHF group (p  0.01). Similar findings were also
bserved for Ts-diff (93  46 ms vs. 108  42 ms vs. 54 
3 ms, both Scheffe-corrected p  0.001 vs. control group;
HF vs. DHF group, Scheffe-corrected p  0.004). Using
normal cutoff value of Ts-SD 33 ms based on the upper
SDs of normal mean, 39.1% (36 of 92) DHF and 56.9%
160 of 281) SHF patients showed significant systolic
Figure 2 The Distribution of Mechanical Asynchrony in DHF, SH
Scatter plot showing the distribution of systolic and diastolic asynchrony in patient
group by: (A) the standard deviation (Te-SD) and (B) maximal difference (Te-diff) o
ments, and (C) the standard deviation (Ts-SD) and (D) maximal difference (Ts-diff)synchrony (chi-square  8.82, p  0.003) (Fig. 2C). A 0imilar prevalence was observed using Ts-SD of 100 ms
34.8% [32 of 92] DHF and 55.9% [157 of 281] SHF
atients) (chi-square  12.33, p  0.001) (Fig. 2D). There
as a close correlation between systolic asynchrony mea-
ured by Ts-SD and Ts-diff (r  0.926, p  0.001) (Fig.
B).
elationship between diastolic and systolic asynchrony
n DHF and SHF. When the relationship between systolic
nd diastolic asynchrony was examined, the 2 conditions did
ot occur in parallel. Using the cutoff values of Ts-SD (33
s) and Te-SD (34 ms), there was no asynchrony in 39.1%,
solated diastolic asynchrony in 21.7%, isolated systolic
synchrony in 25.0%, and co-existing diastolic and systolic
synchrony in 14.1% of patients with DHF, and these were
orrespondingly 25.6%, 17.4%, 31.3%, and 25.6% in the
HF group (chi-square  10.01, p  0.019) (Fig. 4A).
hen the cutoff values of Ts-diff (100 ms) and Te-diff (113
s) were used, results were similar (chi-square 12.68, p
d Control
diastolic heart failure (DHF), systolic heart failure (SHF), and the normal control
ime to peak myocardial early diastolic velocity of the 12 left ventricular seg-
time to peak myocardial systolic velocity of the 12 left ventricular segments.F, an
s with
f the t
of the.005) (Fig. 4B). Therefore, only a small proportion of
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Mechanical Asynchrony in DHF January 2/9, 2007:97–105atients with SHF (and even less in DHF) had co-existing
ystolic and diastolic asynchrony. In fact, the relationship
etween systolic and diastolic asynchrony appeared weak for
oth Ts-SD/Te-SD (r  0.209, p  0.001) and Ts-diff/
e-diff (r 0.251, p 0.001). In both DHF and SHF, the
orrelation between myocardial systolic or diastolic dysfunc-
ion and mechanical asynchrony appeared weak, albeit
ignificant statistically. For DHF, the mean Em correlated
eakly with Te-SD (r0.30, p 0.004) while the mean
m also correlated weakly with Ts-SD (r  0.26, p 
.015). In SHF, the corresponding correlation coefficients
ere r  0.15 (p  0.01) and r  0.14 (p  0.02),
espectively. In DHF, patients with significant diastolic
synchrony had a lower mean Em than those without (4.1
1.7 cm/s vs. 5.2  1.7 cm/s, p  0.007), whereas the
ean Sm was comparable between those with or without
Figure 3 The Correlation of Parameters for
Assessing Mechanical Asynchrony
Scatter plot showing a close relationship between (A) the 2 methods of
assessing diastolic asynchrony by Te-SD and Te-diff systolic asynchrony, and
(B) the 2 methods of assessing systolic asynchrony by Ts-SD and Ts-diff.
Abbreviations as in Figure 2.ignificant systolic asynchrony (4.8 0.9 cm/s vs. 5.3 1.3m/s, p 0.08). However, in SHF, patients with significant
ystolic or diastolic asynchrony had a significantly lower
ean Sm or Em than those without (mean Sm: 3.1  1.2
m/s vs. 3.5  1.0 cm/s, p  0.02; mean Em: 3.2  1.4
m/s vs. 4.0  1.6 cm/s, p  0.001).
nalyses of diastolic and systolic asynchrony in heart
ailure based on ECG subgroups. A wide QRS duration
f 120 ms was more common in patients with SHF than
HF (37.7% [106 of 281] vs. 10.9% [10 of 92]) (chi-square
16.69, p  0.001). The QRS duration was 120 ms in
ll the normal control subjects. Figure 5 showed the
istribution of diastolic and systolic asynchrony in heart
ailure. The majority of the DHF patients with evidence of
iastolic (26 of 33 patients) and systolic asynchrony (33 of
6 patients) occurred in the narrow QRS subgroup of120
s. This was in contrast with the SHF group whereby
iastolic and systolic asynchrony occurred with higher
revalence in the wide QRS subgroup (diastolic asynchrony:
0.4% vs. 32.6%, chi-square  15.97, p  0.001; systolic
Figure 4 The Distribution of Mechanical
Asychrony in DHF and SHF
Bar chart showing the percentage distribution of patients who developed
mechanical asynchrony in DHF and SHF according to the (A) cutoff values of
Te-SD 34 ms and Ts-SD 33 ms, and (B) cutoff values of Te-diff 113 ms
and Ts-diff 100 ms. Patients with DHF had a higher prevalence of diastolic
asynchrony or without asynchrony, whereas patients with SHF had more sys-
tolic asynchrony or co-existing diastolic and systolic asynchrony. The actual
numbers are shown in parentheses. Abbreviations as in Figure 2.
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January 2/9, 2007:97–105 Mechanical Asynchrony in DHFsynchrony: 70.8% vs. 48.6%, chi-square  10.25, p 
.001).
iscussion
his was the first study that examined the potential
xistence of diastolic and systolic asynchrony in patients
ith DHF, and compared them with those with SHF and
ormal controls. We demonstrated that LV diastolic
nd/or systolic asynchrony was common and occurred in
s many as 60% patients with DHF despite the presence
f narrow QRS complex. It was observed that systolic
synchrony and co-existing systolic and diastolic asyn-
hrony were more prevalent in the SHF group, while
solated diastolic dysfunction was more common in the
HF. However, systolic and diastolic asynchronies were
ot closely coupled in both types of heart failure. Lastly,
resence of asynchrony was only a weak determinant of
yocardial dysfunction or velocities in DHF.
echanical asynchrony in DHF. Diastolic heart failure
s found to be a common cause of heart failure hospital-
Figure 5 The Distribution of Mechanical Asynchrony
in DHF and SHF Subdivided by QRS Duration
Bar chart showing the distribution of patients who developed (A) diastolic and
(B) systolic asynchrony in patients with DHF and SHF according to the QRS
duration of 120 and 120 ms. As wide QRS is uncommon in DHF, the major-
ity of patients with diastolic and systolic asynchrony occurred in the narrow
QRS group. Abbreviations as in Figure 2.zation (12,13,22). In the past decade, there has been (ncreasing focus on the pathogenesis and management of
HF, and its relationship with SHF (12,13,22,23).
haracterization of myocardial systolic and diastolic
unction in DHF has been performed by conventional
chocardiography and TDI, which reported subclinical
yocardial systolic dysfunction in DHF (24,25). How-
ver, there have been no previous studies that examined
echanical asynchrony in these patients. This study
xamined a large heart failure cohort of 373 patients that
ncluded both DHF and SHF patients, and demonstrated
hat diastolic and systolic asynchrony did not occur
xclusively in the SHF patients, but were also relatively
ommon in DHF patients.
Unlike SHF, in which the occurrence of systolic
synchrony has been well characterized and is related to
he prolongation of QRS duration, little is known about
hat in DHF. The current study observed a relatively high
revalence of both diastolic and systolic asynchrony in
HF, though these conditions were likely to occur in
atients with SHF. In particular, co-existing diastolic
nd systolic asynchrony was nearly 2-fold more common
n SHF than DHF. Interestingly, a wide QRS complex
as very uncommon in DHF. Therefore, mechanical
synchrony is not related to the QRS duration as most of
hem occurred in those with narrow QRS complexes. It
ppeared that diastolic and systolic asynchrony may occur
s a result of myocardial disease rather than electrome-
hanical coupling delay (as in the cases with SHF). Our
revious studies demonstrated that early “silent” systolic
ysfunction is common in DHF as myocardial systolic
elocities were reduced in about half of these patients
hen assessed by sensitive tools such as TDI (24). On the
ther hand, it seems that the severity of myocardial
ysfunction is not the only determinant of mechanical
synchrony, as myocardial early diastolic velocity only
ad a weak correlation with diastolic asynchrony, and,
imilarly, myocardial systolic velocity correlated weakly
ith systolic asynchrony. Further studies are needed to
xplore how mechanical asynchrony developed in the
ourse of cardiac dysfunction in the DHF.
s asynchrony in DHF different from that of SHF? In
HF, there were more patients who had co-existing dia-
tolic and systolic asynchrony and isolated systolic asyn-
hrony, whereas in DHF more patients had either no or
solated diastolic asynchrony. Moreover, the overall preva-
ence of systolic asynchrony was higher in SHF than DHF.
n patients with SHF, previous studies had shown that QRS
uration is a major determinant for the occurrence of
ystolic (1–4) and diastolic asynchrony (1). As prolongation
f QRS duration is rare in DHF, it appears that electrome-
hanical coupling delay is not a major governing factor for
he observed asynchrony in the LV. This differs from the
HF in which electrical propagation abnormality had been
ell described in the LV in patients with wide QRS
omplexes leading to delay in mechanical contraction
26,27). In fact, both the severity of systolic function and the
Q
L
D
l
I
a
g
o
w
b
c
m
m
t
w
c
S
i
l
T
t
p
m
c
t
p
e
I
fi
c
p
M
a
s
a
o
S
f
c
D
d
a
u
d
m
t
R
S
S
D
t
K
R
1
1
1
1
1
1
1
1
1
1
2
2
2
104 Yu et al. JACC Vol. 49, No. 1, 2007
Mechanical Asynchrony in DHF January 2/9, 2007:97–105RS widening are regarded as markers for more diseased
V in SHF, which accounted for its poorer prognosis than
HF (28,29). These factors also contributed to a higher
ikelihood of mechanical asynchrony to occur in SHF (1).
nterestingly, the relationship between systolic and diastolic
synchrony appeared weak, which implies different patho-
enic mechanisms, with the best correlation coefficient value
f only 0.25. As a result, diastolic and systolic asynchronies
ere discordant in about half of the heart failure population,
eing 47% for DHF and 49% in SHF. Therefore, the 2
onditions should not be regarded as a condition in com-
on. Although diastolic asynchrony was described to be
ore prevalent than systolic asynchrony in a recent report
hat used 4 basal segments to assess asynchrony (30), this
as not confirmed in the current study when a more
omprehensive method was employed.
tudy limitations. Patients were studied 6 weeks after
ndexed hospitalization for heart failure and medical stabi-
ization, rather than within 72 h of onset of heart failure.
here is a possibility of transient ischemic dysfunction of
he LV. Most of our DHF patients would thus fit into a
robable or possible DHF category (31). However, ischemia
ay have contributed to diastolic dysfunction without
ausing a measurable reduction in the ejection fraction or in
he extent of regional wall motion (32). Furthermore,
atients who presented with acute coronary syndrome were
xcluded in the present study.
mplication of the study. Systolic asynchrony is a common
nding in SHF with wide QRS complexes. In such patients,
ardiac resynchronization therapy had been shown to im-
rove symptoms, systolic function, and mortality (9–11).
echanistic studies observed that improvement of systolic
synchrony is a key factor for its benefit, while pre-pacing
ystolic asynchrony is also an important predictor of favor-
ble response to cardiac resynchronization therapy. In view
f the pivotal role of regulation of systolic asynchrony in
HF, current studies of cardiac resynchronization therapy
ocus on possible indication in SHF with narrow QRS
omplexes (33–35). In contrast with SHF, management of
HF is purely based on medical therapy (13,16,17). The
escription of mechanical asynchrony, in particular systolic
synchrony in DHF, may provide further insight into the
nderstanding of this heterogeneous group of patients with
ifferent phenotypes within one continuous spectrum and
ay spearhead the exploration of more patient-specific
herapeutic strategies in these patients.
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